The paper reports a study that investigated the effect of egocentric versus exocentric view in an educational animation whose goal was to teach undergraduate students the various tasks that a construction manager performs in the field. Specifically, the study aimed to determine the effect of perspective view on students' subject learning and preference. Findings show that while students have a preference on perspective view, the perspective view does not have a significant effect on students' learning outcomes
Introduction
Several studies found in the literature suggest that 3D computer animation can be an effective educational approach [1, 2, 3, 4] . In most 3D animations, scenarios are presented in either first-or third-person view. [5] . In animations where a character performs a sequence of tasks, either view can be used. In the first-person view, the camera is placed in front of the character's eyes and the animation is rendered as seen by the character; in the third-person view the camera is placed beside the character and the animation is rendered as if a third person is observing what the character is doing.
"A view of a 3D world is the 2D projection of the world presented to the user. It is entirely defined by the camera's location, angle, and field of view (FoV). A first-person view places the camera where the user's eyes would be in the virtual environment. A third-person view moves the camera away from the object of control, and often increases the angle of the camera to reduce occlusion"
While several studies can be found in the literature on the effect of perspective view on user performance/preference in interactive games and simulations, to our knowledge, no study exists on the effect of perspective view in educational animations. The work reported in the paper aims to fill this gap; it investigated the effect of egocentric versus exocentric view in an educational animation whose goal was to teach undergraduate students the various tasks that a construction manager performs in the field. Specifically, the study aimed to determine the effect of perspective view on students' subject learning and students' preference. The paper is organized as follows: in section 2 we report existing studies on the effects of different perspective views on user experience. In section 3 we discuss benefits and drawbacks of educational animations and report prior work on animation for learning building construction. In section 4 we describe our study and discuss the results. Conclusion and future work are included in section 5.
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Existing studies on the effects of different perspective views on user experience
Researchers have studied the effect of different perspective views in games and interactive simulations. A change in perspective view in a game/interactive simulation usually involves a change in the position and rotation of the center of the camera. In addition to visibility changes, a different perspective view provides the viewer with a different type of experience (e.g. more or less immersive) [6] .
A study by Bateman et al. [5] , shows that while there was no significant effect of perspective view on player's driving performance in a car racing game, there was an effect on player's preference. In Bateman's test, participants preferred the first-person view and predicted that they could perform better with such view. This may be because first a-person view provides a better sense of player immersion [6] .
Salamin et al. [7] examined whether it is beneficial for users to have the choice to switch from first-person to thirdperson perspective in virtual and augmented reality environments. They asked participants to perform various tasks in both views including: walking through a gallery with obstacles, putting a ball into a cup of coffee, receiving and sending a rolling ball with the feet and with the hands. Results showed that while some actions, such as looking down or hand manipulations (catching a close object) are performed better in first-person perspective, others, such as interaction with moving objects, require a third-person perspective. This is due to the fact that a third person view offers a larger field of view, and therefore provides the user with more cues to evaluate the distances and anticipate or extrapolate the trajectory of mobile objects.
Salamin et al. [8] also conducted a study whose goal was to quantify the differences between the effects induced by training participants to the third-person and first-person perspectives in a ball catching task in virtual reality. Results of the experiment showed that for a certain trajectory of the ball, the performance of the participants after training to the third person perspective was similar to their performance after baseline perspective training. Performance after first person training varied significantly from both third person and baseline perspectives. The researchers concluded that usage of the third person perspective in training and learning methods might prove to be more effective as it facilitates performances and leads to quicker adaptation of distance evaluation in the extra personal space.
Anquetil and Jeannerod [9] conducted a study in which subjects simulated a grasping action with two levels of difficulty. In one condition, they simulated the movement from their own, first person perspective, while in the other condition they simulated the same movement made by a person facing them (third person perspective). The time to complete the movement was found to be almost the same in the two conditions and a similar difference in time between easy and difficult grasps was retained in the two conditions. These results show that a self-generated and an observed action share the same representation and this representation can be used from different perspectives.
Pazuchanics [10] investigated two methods to increase UGV (uninhabited ground vehicles) operators' performance. Typically, UGV cameras provide their operators with a very narrow, field of view (FOV) and a first-person camera perspective. His study investigated two methods for providing an operator with additional contextual information: widening the FOV and capturing a third-person perspective of the vehicle in its environment. Findings show that the additional information provided by either method can increase navigation performance. Of the two methods, widening the FOV produced the greatest performance benefit, however capturing a third-person perspective may also facilitate certain aspects of navigation. The benefits associated with each method were found to be cumulative and therefore ideal video displays may incorporate both methods.
Educational Animations
Researchers have studied the influence of computer animations on students' learning through various experiments and have achieved mixed results. While some experiments show that animation can be an effective pedagogical tool, e.g. [11; 12; 13] , other studies suggest that animations can be distracting with little or no positive effect on learning, e.g. [14; 15] .
Those researchers who believe computer animation is an effective instructional device argue that the main strength of animation is the fact that it can represent information in different codes: images, words (text or narration) and motion [3] ; several codes are more influential than one in learning. Moving graphics can attract the viewers and attain audience motivation [16] , and animation can play an effective instructional role by engaging the viewer, guiding attention, representing motion-related knowledge, and explaining complex concepts in simple steps [17] . Another benefit of animation is its ability to explain a dynamic and changing process. Through animations, students can develop better mental pictures of an activity or a procedure, which leads to a higher understanding of complex concepts [3; 4; 18] .
Many of the researchers who question the pedagogical efficacy of animation argue that animations, especially 3D, can lead to a cognitive overload and, subsequently, a decrease in learning [19, 20] . A few believe that animations may be ineffective because they violate the second principle of good graphics, the Apprehension Principle, according to which graphics should be accurately perceived and appropriately conceived. "Animations can be too complex or too fast to be accurately perceived. ...Animations may be more effective than comparable static graphics in situations other than conveying complex systems, for example, for real time reorientations in time and space" [3] .
A few studies on the use of 3D animation/simulation for teaching/learning building construction can be found in the literature. Kamat and Martinez [21, 22] file driven visualization system, the Dynamic Construction Visualizer, that enables users to visualize both the construction processes and the evolving products in 3D. The researches argue that the main advantage of using simulation to model construction operations is to obtain insights into the consequences of using different techniques and strategies, thus helping the planner in making the most advantageous decisions. Construction simulation systems can provide users with detailed information such as statistical production charts, resource usability, and breakdown times in the modeled system. Furthermore, visualizing simulated construction operations in 3D can significantly help in establishing the credibility of simulation models.
Messner and Horman [23] conducted several experiments that demonstrated that students can develop a more in-depth understanding of the construction process and construction planning by using advanced 3D visualization tools. Perdomo et al. [24] carried out a study that investigated the advantages of 3D modeling and simulation, as compared to static 2D drawings, in understanding construction assemblies and details. Findings showed that it was easier for the students to identify the assemblies, the assemblies' profiles and shapes and the connection details using the 3D models than the 2D drawing sets. In addition, the animation feature in the 3D viewing application helped students to trace the sequence of construction. Dib et al. [25] developed an interactive 3D virtual environment for learning surveying practices for building construction. A study with a group of undergraduate students in the Building Construction Management Department at Purdue University demonstrated the pedagogical efficacy of the 3D tool Dib et al. [26] .
Description of study
The objective of this study was to investigate the effect of different perspective views, in educational 3D animations, on students' learning of building construction management tasks, and students' preference. The study compared two types of computer animations: one rendered using an egocentric perspective view, and one rendered using an exocentric perspective view. The animations presented to the participants were designed for an undergraduate course in building construction management. The content was identical and focused on the tasks that a building construction manager needs to perform on a construction site. The first person view animation can be accessed at: http://www.youtube.com/watch?v=g4gAlqJv9F4&feature=y outu.be The third person view animation can be accessed at: http://www.youtube.com/watch?v=kW7SAZllumo&feature =youtu.be Figure 1 shows frames extracted from both animations.
The study used a quantitative approach and tested the hypotheses listed below. In instructional 3D animations for building construction management education: H01: There is no difference in the learning effect between first-person perspective view and third-person perspective view. Ha1: There is a difference in the learning effectiveness between first-person and third-person perspective view. H02: There is no correlation between the learning effectiveness of a specific perspective view and concept/task being presented. Ha2: There is a correlation between the learning effectiveness of a specific perspective view and concept/task being presented. H03: Users do not have preference on perspective view Ha3: Users have preference on perspective view. H04: The student preference of perspective view does not change based on the concepts/tasks being presented. Ha4: The student preference of perspective view changes based on the concepts/tasks being presented. In addition, the study also tested the following hypotheses to determine whether watching the animation, either first or third person view, had an effect on students' learning: Ha5: There is a difference in subject learning between students who watched the educational animation (first or third person view) and those who did not watch the animation and used the textbook. H05: There is no difference in subject learning between students who watched the educational animation (first or third person view) and those who did not watch the animation and used the textbook.
For hypotheses 1, 2 and 5, the learning objective considered by the study was the student's ability to demonstrate knowledge and understanding of the tasks that a building construction manager performs on a construction site (these tasks are listed in the left column of table 1). We measured this learning objective using pre and post educational intervention competency testing. The study included three independent variables: the first-person view animation, the third-person view animation, and the traditional textbook. The subjects were divided in three groups: control group (1)--exposed to text book, experimental group (2)--exposed to first-person view animation, and experimental group (3)--exposed to thirdperson view animation. The dependent variables were the mean scores of the test in the three groups after the experiment.
To test hypotheses 4 and 5, a survey including questions about the subjects' experience was administered to the students.
The experiment included two phases. In phase 1 the study collected data on students' preference and formative feedback on the animation. In phase 2 the study collected summative data on students' learning outcomes.
Phase 1
The objective of phase 1 was to test hypotheses 3 and 4 and collect formative feedback.
Subjects: 34 undergraduate students enrolled in a Building Construction Management program. All subjects Procedure: Each subject sat in front of a monitor displaying the two animations side by side (as shown is Figure 1 ). Subjects had the option to play the animations as many times as they wanted. After watching the animations, the subjects completed the online survey and submitted their answers.
Figure 1. Frames extracted from the first person and third person view animations
Findings and discussion: Findings show that 67% of the subjects thought the animations are effective tools for learning the content. Results also show that participants have a preference on perspective view in computer animation. The distribution of the response for general preference shows that 20% of the participants prefer the first-person view, 73% of the participants prefer the thirdperson view, and 7% do not have a preference. Findings demonstrate that subjects' preference on perspective view changes based on the type of task being simulated. For example, participants strongly preferred the first-person view when the task depicted in the animation is about checking the footing size and the location of anchor bolts. Whereas users indicated stronger preference for the thirdperson view when the task focuses on verifying the top of beam elevations, checking the elevation at both ends of sloped beams, checking the vertical alignment of the wall after building CMU blocks and coordinating the anchor bolt layout with concrete pour schedule. In general, users preferred the first-person view when the environment is not relevant and the simulated task requires
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Phase 1
The objective of phase 2 was to test hypotheses 1, 2 and 5. Subjects: 66 students enrolled in a Building Construction Management undergraduate course.
Testing instruments: a 7-question test including 6 short essay questions and 1 true/false question. The test focused on the "STEEL" part of the animation, e.g. tasks 1-6 and 11 listed in the left column of table 1.
Procedure: all subjects were given a pre-test to assess their basic knowledge of the educational content. After the pre-test, a randomized complete block design was used to divide the subjects into three groups with similar preknowledge: control group (1) --traditional textbook; experimental group (2)--first person view animation, and experimental group (3)--third person view animation. One week after the pre-test all students were given a 45-minute lecture on the content. One week after the lecture, group 2 interacted with the first person view animation for 30 minutes in the lab; group 3 interacted with the third person view animation for 30 minutes in the lab; and group 1 reviewed the content using the textbook for 30 min. Two weeks later, all participants were administered a post-test which was identical to the pre-test.
Findings: Two One-way ANOVA were performed to compare the differences in pre-test and post-test scores for each group. Ten students missed the post-test (eight of them from Group 1), so their data was discarded.
Results show that attending the lecture and watching the animation (1st or 3 rd person) led to an increase in subject content learning by 4.28 % and 4.27% respectively, compared to the control group. Group 1 (control)'s post-test score increased by 17.47% from pre-test. Experimental group 2 (1st person) post-test score increased by 21.74%, while for group 3 (third person), the increase was of 21.75%. Results show that the difference in learning gains between the two experimental groups is not statistically significant. They also show that the difference in total learning gains between the control and the experimental groups is not statistically significant (F (2, 53) = 0.976, p>.05; M (Group 1) =0.3429 SD (Group 1) =0. 10535; M (Group 2) =0. 3833; SD (Group 2) =0. 08266; M (Group 3) =0. 3857; SD (Group 3) =0. 10385 ;). Table 2 shows a summary of results.
In summary, perspective view did not have an effect on students' learning outcomes, although students had expressed a preference for third-person view and had predicted to learn more from this view for 5 out of the 7 tasks relevant to the test. 
Conclusion and future work
In this paper, we have explored the effect of perspective view in educational animations on students' learning of building construction management tasks, and on students' preference. Results show that students have a preference on perspective view, however perspective view does not influence learning outcomes. The study also investigated the efficacy of animation as a teaching/learning tool. Findings show that animation led to higher learning gains than traditional teaching/learning methods, although the difference in learning was not statistically significant in this study. This finding adds to the body of research that suggests that animation can be an effective educational approach. Our study had one main limitation: a relatively small sample size. Because of the limited number of participants, we cannot generalize the results and we can only suggest that perspective view does not have an influence on students' learning in educational animations. In order to build stronger evidence, additional studies with larger pools of participants, in different subject domains and in different settings will need to be conducted.
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